Two experiments were conducted to evaluate the impacts on forage use and beef cattle performance of incorporating divergent wheat milling byproducts in a 30% CP supplement. The by-products were wheat bran (high fiber) and second clears (high starch). The by-products were added as 1) 100% wheat bran; 2) 67% wheat bran, 33% second clears; or 3) 33% wheat bran, 67% second clears to constitute approximately 47 to 49% of the supplement. In Exp. 1, 90 Hereford × Angus cows (BW = 554 kg) grazing winter, tallgrass-prairie range were fed the supplement treatments (2.27 kg/cow daily) from early December 1997 until calving (average calving date = 3/11/98). Cumulative BW and condition changes from trial initiation through calving were not significantly different among treatments. Similarly, significant treatment effects on cow pregnancy rates as well as calf birth weights, ADG, and ending weights were not evident. In Exp. 2, 16
Introduction
Supplementation of beef cattle consuming low-quality forages with feedstuffs rich in degradable intake protein (DIP) has increased forage intake and diet digestibility (McCollum and Galyean, 1985; DelCurto et al., 1990b; Olson et al., 1999) and improved cow BW and condition (DelCurto et al., 1990a) . However, carbohydrates comprise a significant proportion of 1 ruminally fistulated Hereford × Angus steers (BW = 484 kg) were blocked by weight and assigned to one of the same three supplement treatments or to a negative control (forage only). Steers had ad libitum access to tallgrass-prairie hay (76.4% NDF, 3.1% CP) and were fed supplement at the same rate (relative to BW) as the cows in Exp. 1. Forage OM, NDF, and digestible OM intakes were lower (P < 0.01) for the negative control than for supplemented steers but were not significantly different among the supplemented steers. Digestion of OM was lower (P = 0.03) for the negative control than for supplemented steers, although significant treatment differences were not evident among the supplemented groups. Digestion of NDF was not affected (P = 0.49) by treatment. Within the context of the amount of supplemental protein offered, changes in the combination of wheat milling by-products in the supplement did not affect cow performance or intake and digestion of low-quality forage. such feedstuffs, even when protein concentrations are relatively high. Bowman and Sanson (1996) suggested that different supplemental carbohydrates may affect utilization of low-quality forage differently. Feedstuffs that contain high concentrations of starch (e.g., corn and grain sorghum) have been shown to exert negative effects on low-quality forage utilization (Hennessey et al., 1983; Chase and Hibberd, 1987; Sanson et al., 1990) . Conversely, more desirable effects on low-quality forage utilization have been associated with supplementation of high-fiber by-products (Anderson et al., 1988a,b; Martin and Hibberd, 1990) . However, information exists that suggests the potential for supplement protein level to interact with supplement carbohydrate type with regard to their impact on low-quality forage utilization (Heldt, 1998) . Because DIP exerts a positive effect on forage intake and digestion, supplements targeted for use with cattle fed low-quality forage are likely to be most effective when they contain significant DIP concentrations. However, it is desirable to know whether the specific type of carbohydrate comprising the remainder of the supplement has a significant impact on forage use. Therefore, our objective was to use two divergent wheat milling by-products (wheat bran, a source of highly digestible fiber and second clears, a by-product rich in starch) to construct high-protein (30%) supplements that varied in carbohydrate composition. These supplements were fed to beef cattle consuming low-quality, tallgrass-prairie forage to examine their potential effects on forage use and performance.
Materials and Methods

Experiment 1: Cow Performance Trial
In the winter of 1997/1998, 90 spring-calving, Hereford × Angus cows (average initial BW = 554 kg; average initial body condition score (BCS) = 5.3; average age = 7 yr) grazing low-quality tallgrass-prairie range (Table 1) were fed daily one of three supplements containing various proportions of two different wheat milling by-products. Cows were weighed and BCS was scored on December 2, 1997. After stratification by BCS and BW, cows were assigned randomly within strata to one of three pastures. Within each pasture, cows were assigned randomly to three treatments such that each of the three pastures had 10 cows per treatment. Treatment groups within each pasture (not individual cows) were considered the experimental unit. The pastures were 120 ha in size which allowed for a stocking rate of 3 ha/cow, which is common in the Flinthills region of Kansas. Forage availability was adequate for this stocking rate and samples of range were clipped in February for quality determination. Within pasture, clippings were taken in nine random positions with a square-meter iron frame. Treatments were supplements containing different combinations of wheat bran (highly digestible fiber) and second clears (low-grade flour, > 75% starch), which made up 47 to 49% of each supplement (Table 2) . Wheat milling by-product combinations were as follows: 1) 100% wheat bran, 2) 67% wheat bran, 33% second clears, and 3) 33% wheat bran, 67% second clears. Approximately 40% of the supplement was composed of soybean meal to ensure supplements contained about 30% CP on a DM basis (Table 1) . Supplement treatments were fed at 2.27 kg/cow daily (as-fed basis). The amount offered was calculated to be sufficient to meet the DIP required to maximize digestible OM intake (Kö ster et al., 1996) . Treatment supplementation was initiated at the beginning of the winter grazing period (December 2, 1997) and terminated at parturition for each cow (average calving date = March 11, 1998). Cows were gathered from each pasture every morning and sorted into their respective treatment groups for supplement feeding, and supplements were fed on a group basis. Body condition and BW were measured again on January 6, February 6, and within 48 h after calving. Four trained individuals conducted the body condition scoring, and scores were based on a 1-to-9 scale (1 = emaciated; 9 = obese). Calf birth weights also were recorded within 48 h after parturition. Average daily gain of the calves was based on a final weight taken on August 28, 1998.
Experiment 2: Digestion Trial in Confinement
Sixteen ruminally fistulated, Hereford × Angus steers (average initial BW = 484 kg) were blocked by weight and assigned to one of four treatments. Each steer was offered tallgrass-prairie hay (Table 1) at 130% of average voluntary intake for the preceding 5 d. A negative control treatment (no supplement) was implemented along with three treatments of supplement fed at a rate (0.38% BW/d, DM basis) similar to that given the cows in Exp. 1. Supplements were identical to those offered in Exp. 1. Supplements were fed at 0630, and prairie hay was offered at approximately 0700 (supplements were consumed completely before forage was fed). Orts were collected and weighed for each steer before supplements and hay were offered. Immediately prior to initiation of the trial, a single source of low-quality prairie hay was ground to pass through a 75-× 75-mm screen and was maintained in a covered storage area. Prairie hay was ground to facilitate intake measurement (i.e., minimize potential for removal of material from the bunk and dropping on the floor). Steers were kept in an enclosed barn in tie stalls (1.2 × 2 m) with ad libitum access to fresh water and plain white salt.
An adaptation period of 14 d allowed steers to adjust to their respective treatments. The subsequent 7-d period was used to measure voluntary intake of the lowquality prairie hay. Samples of forage and supplement were collected on d 15 through d 21, and ort samples for each steer were collected on d 16 through d 22. Fecal grab samples were collected from each steer on d 17 through d 23. Hay, ort, and fecal samples were dried at 55°C for 96 h in a forced-air oven. Afterward, all samples were ground (No. 2 Wiley mill, Authur H. Thomas Co., Philadelphia, PA) to pass through a 1-mm screen. Supplement samples were ground to pass through a 1-mm screen as well (8-inch laboratory hammer mill, Christy and Norris, Chelmsford, U.K.). Ort and fecal samples were composited within steer and across days for the experiment. Acid detergent insoluble ash (ADIA) concentrations in forage, orts, supplements, and fecal samples were used to calculate digestibility coefficients as described by Cochran and Galyean (1994) .
A fermentation profile followed the 7-d intake and digestion measurement period on d 23. Ruminal fluid samples were collected with a suction strainer (Raun and Burroughs, 1962 ; 19-mm diameter and 15-mm mesh) prior to feeding (0 h) and at 3, 6, 9, and 12 h after feeding. Ruminal pH was measured with a portable pH meter with a combination electrode (Orion Research, Boston, MA) immediately after each sample was collected. Eight milliliters of ruminal fluid was added to 2 mL of 25% (wt/vol) metaphosphoric acid for VFA analysis, and 2 mL of ruminal fluid were added to 8 mL of 0.1 N HCl for ammonia analysis. Ruminal fluid samples then were frozen for subsequent analysis.
Concurrent with the fermentation profile, each steer was dosed with 1.13 g of Cr (as CrEDTA; Binnerts et al., 1968) in 500 mL of deionized water as a marker for determining liquid passage. Dosing was performed just prior to feeding. The CrEDTA solution was deposited into various locations in the rumen. A 20-mL ruminal fluid sample was collected from each animal just prior to dosing (0 h) and at 3, 6, 9, 12, and 24 h after dosing. Immediately after collection, ruminal fluid samples were frozen for subsequent analysis.
The day following the fermentation profile (d 24) was used for complete ruminal evacuations. Ruminal contents were weighed, hand-mixed, and sampled in triplicate just prior to feeding (0 h) and 4 h after feeding. Ruminal digesta samples were dried at 55°C for 96 h in a forced-air oven. Following partial DM determination, ruminal digesta samples were ground (No. 2 Wiley mill) to pass a 1-mm screen. Triplicate samples for each steer from each evacuation then were composited within steer and time period.
Laboratory Analysis
Ground forage, supplement, orts, feces, and ruminal contents were dried overnight (16 h) at 105°C in a convection oven for the determination of DM. Subsequently, ground forage, supplement, orts, feces, and ruminal contents were ashed at 450°C for 8 h in a muffle oven for the determination of ash. The CP of the ground forage, supplement, and orts then were determined as 6.25 × Kjeldahl N (AOAC, 1990). Additionally, NDF, ADF, and ADIA concentrations were determined for the ground forage, supplement, orts, feces, and ruminal contents as described by Van Soest et al. (1991) . Forage DIP was determined using the 48-h Streptomyces griseus protease procedure (Roe and Sniffen, 1990) . Supplement DIP concentration was determined using tabular values for the concentration of DIP in the constituent feedstuffs of the supplement (NRC, 1996) . Starch determination of the supplements was made by enzymatically cleaving alpha linkages and freeing glucose as described by Herrera-Saldana and Huber (1989) . Free glucose concentration then was determined using an autoanalyzer (Technicon Autoanalyzer II C, Tarrytown, NY) as described by Gochman and Schmitz (1972) .
After thawing, ruminal fluid samples used to determine NH 3 , VFA, and Cr concentrations were centrifuged at 30,000 × g for 20 min. Ruminal NH 3 concentrations were determined using a colorimetric procedure (Broderick and Kang, 1980) . Ruminal VFA were mea-sured by gas chromatograpy (Model 5890, HewlettPackard, Avondale, PA) as described by Vanzant and Cochran (1994) . Ruminal Cr concentrations were determined by atomic absorption spectrophotometry. Liquid dilution rate was calculated by regressing the natural logarithm of the Cr concentrations measured in ruminal fluid on time of sampling.
Statistical Analysis
In Exp. 1, all performance data, with the exception of pregnancy rate, were analyzed as a randomized complete block design using the GLM procedure in SAS (SAS Inst. Inc., Cary, NC). Model terms were treatment and pasture. Treatment groups within each pasture were considered the experimental units. Hence, each treatment had three replications. Treatment effects were tested using treatment × block as the error term. The LSMEANS option of SAS was used to determine treatment means. Treatment sums of squares were partitioned using linear and quadratic contrasts. The FREQ procedure of SAS was used to analyze pregnancy rate of cows.
In Exp. 2, intake, digestion, and dilution rate data were analyzed as a randomized complete block design using the GLM procedure of SAS. Model terms were block and treatment. Treatment means were determined using the LSMEANS option of SAS. The MIXED procedure of SAS was used to analyze ruminal characteristics and particulate passage, which were measured at different time intervals. Model terms were treatment, time, and treatment × time. Linear contrasts were used to compare the negative control to the average of the supplemented steers, as well as the linear and quadratic responses within the supplemented treatments.
Results
Experiment 1: Cow Performance Trial
Cumulative cow BCS and BW losses (Table 3) were not significantly different for the groups fed different combinations of wheat milling by-products in the supplements. Furthermore, significant differences in period cow performance were not observed. The various treatment groups also did not differ significantly with regard to calf birth weight, performance, or pregnancy rate of cows (Table 4) .
Experiment 2: Digestion Trial in Confinement
Forage, total, and digestible OM intakes were lower (P < 0.01) for the negative control treatment than for supplemented steers but were not significantly different among supplemented steers (Table 5 ). Digestion of OM was lower (P = 0.03) for the negative control compared with supplemented steers, with no evident difference among the supplemented groups. Neutral detergent fiber digestion was not significantly different among treatments.
Passage of ADIA and liquid dilution rate were slower (P ≤ 0.04) for the negative control than for supplemented steers. A treatment × time interaction was observed (P = 0.04) for DM fill. However, the interaction was due to a difference in magnitude of response over time for the supplemented steers compared with the negative control treatment. Hence, ruminal contents data were averaged across time and presented as treatment means (Table 5) . Dry matter and ADIA contents were higher (P ≤ 0.05) for supplemented steers than for steers that were fed forage only. Quadratic trends were observed for ADIA fill (P = 0.05) and ADIA passage (P = 0.03) among the supplemented treatment groups, because the 67% wheat bran, 33% second clears treatment group had faster solid passage and more ADIA fill than the other supplemented groups. Treatment did not significantly affect liquid fill.
Treatment × time interactions (P < 0.05) were observed for ruminal ammonia concentrations and molar percentages of all individual VFA except isobutyrate. However, differences in magnitude of response for the treatments at different points over time were responsible for the interaction (particularly for the negative control vs supplemented groups). Therefore, responses for fermentation characteristics were averaged across time and presented as treatment means (Table 6 ) to facilitate interpretation of overall treatment effects. Ruminal pH was slightly higher (P < 0.01) for the negative control than for the supplemented steers. Additionally, a quadratic response (P = 0.02) was observed among the supplemented treatment groups. Ruminal ammonia concentration was higher (P < 0.01) for supplemented steers than for the negative control, but no significant differences occurred among the supplemented steers. Total VFA concentration in the rumen was lower (P < 0.01) for the negative control in contrast to supplemented steers. Once again, no significant differences were observed among supplemented treatment groups for this criterion. The molar proportion of acetate was lower (P < 0.01) with supplementation, whereas molar proportions of butyrate, valerate, and the branched-chain VFA (isobutyrate and isovalerate) increased (P < 0.01) with supplementation. Differences between the negative control and supplemented steers were not statistically significant for the molar proportion of propionate. However, small shifts in the molar percentage of propionate relative to acetate resulted in a linear trend (P = 0.07) for the acetate:propionate ratio within the supplemented treatment groups.
Discussion
All of the supplement treatments fed during this experiment maintained a reasonable level of cow BCS and BW during the winter feeding period. All of the supplemented groups calved with a BCS close to 5 on a 1-to-9 scale after only minimal body condition loss (< 0.4 units) during the winter. Experiments conducted under similar weather and pasture conditions at this research site have reported body condition losses of up to 1.8 (DelCurto et al., 1990a) and 2.0 (Beaty et al., 1994) units over the same time period and with similar amounts of supplement when they provided limited amounts of supplemental protein (≤ 13%) relative to supplemental energy. In this experiment, supplement treatments were formulated to contain approximately 40% soybean meal in order to ensure that DIP provision was sufficient to maximize forage use (based on previous research; Kö ster et al., 1996) . Apparently, under such conditions, replacing fiber with starch in these supplements exerted no negative effect on cow performance. Conversely, Sanson et al. (1990) reported that as beef cows consumed more starch in relation to CP, their BW decreased significantly. Similarly, DelCurto et al. (1990a) reported less loss of body condition as the CP to starch proportion increased. In accordance with cow performance, birth weight and performance of calves were quite similar across treatments. In fact, differences of only 0.7 kg for birth weight and 0.03 kg for ADG were observed. Furthermore, cow pregnancy rate during the subsequent breeding season (May 15 to July 15) was similar across treatments. Increasing the level of supplemental starch by the inclusion of second clears in the supplements also did not exert negative effects on forage intake and digestion in our study. In previous research, supplementation with increasing levels of starch from corn or puri- fied starch depressed utilization of low-quality forage (Chase and Hibberd, 1987; Sanson et al., 1990; Olson et al., 1999) . Moreover, comparisons of feedstuffs rich in fiber to feedstuffs rich in starch, as well as comparisons of purified carbohydrate sources, have suggested that a difference may exist between starch and fiber supplements with regard to their effects on low-quality forage utilization (Grigsby et al., 1993; Garcé s-Yé pez et al., 1997; Heldt, 1998) . However, these effects should be interpreted in light of possible differences in supplemental protein concentration and amount of supplement fed in these experiments. In our study, each supplement treatment was formulated to meet the DIP needed for maximal intake and digestion of this forage type (Kö ster et al., 1996) , and each was fed at 0.38% BW daily to minimize potentially confounding effects. The fact that increasing starch content in our supplements did not inhibit intake, digestion, or performance may be a result of providing sufficient ruminally available protein to avoid negative effects of starch on ruminal fiber digestion. This concurs with the work of Klevesahl (2000) , who demonstrated that an interaction between supplemental DIP and starch levels affected NDF digestion. In her work, NDF digestion was significantly depressed by ruminal starch infusion when DIP was inadequate; however, ruminal infusion of sufficient DIP (as casein) was able to largely eliminate the negative effect of starch on NDF digestion. The quality of the basal forage, perhaps due to simple differences in forage protein, also seems to have the potential to influence the effects of different supplemental carbohydrate sources on forage utilization. For example, Hess et al. (1996) compared supplementation of wheat bran (fed daily at 0.34 and 0.48% BW) and cracked corn (fed daily at 0.34% BW) for steers consuming a high-quality (14% CP) forage basal diet and found no differences among supplemented steers for forage OM intake. Similarly, Carey et al. (1993) observed no differences in intake of medium-quality (9.9% CP) forage for steers supplemented with corn, barley, or beet pulp fed at about 0.66% BW and formulated to provide the same amount of CP daily. However, when high-fiber and high-starch supplements were compared in a situation in which livestock were fed a lower-quality forage (corn stover) and supplement protein content was not altered, the high-starch supplements seemed to have a more negative effect on forage use than high-fiber supplements (Anderson et al., 1988a) .
The amount of supplement fed also seems to have the potential to influence the effects of supplements with different carbohydrate sources on forage use, even when forage quality is moderate or better (> 7% CP). For example, Garcé s-Yé pez et al. (1997) fed medium-quality (9.6 and 11.4% CP) bermudagrass hay to steers and supplemented them with a high (0.8 to 1.0% BW) or low (0.4 to 0.5% BW) level of either soybean hulls, wheat middlings, or corn/soybean meal. At the higher level, steers supplemented with soybean hulls had higher ADG (0.95 kg/d) than those supplemented with corn/soybean meal (0.76 kg/d), whereas no difference in performance was observed among supplementation treatments at the low level of supplementation. Pordomingo et al. (1991) reported a decrease in forage OM intake when steers were supplemented with corn at 0.4 or 0.6% BW while grazing medium-quality (10.5% CP) native rangeland. However, supplementation with 0.2% BW corn actually stimulated forage OM intake compared with that of unsupplemented steers. In our study, feeding moderate and consistent (across treatments) levels of supplement may have been an additional factor (besides the ratio between DIP and starch) that contributed to minimizing potential differences among the supplement treatments with regard to their ability to affect lowquality forage use.
Feeding the 30% CP supplements composed primarily of different wheat milling by-products and soybean meal resulted in an average increase in forage OM intake of 67% compared with the negative control. Total tract OM digestion also increased by an average of 9% in the supplemented groups. The stimulation in forage OM intake, increased OM intake due to supplement consumption, and increased digestion combined together to increase total digestible OM intake by an average of 125% for the supplemented treatment groups compared with steers that received no supplement. Previous experiments also have indicated increases in low-quality forage intake and(or) digestion with the feeding of supplements that supplied a relatively high amount of degradable protein in proportion to supplement energy content (Hennessey et al., 1983; Heldt, 1998; Olson et al., 1999) .
Liquid dilution rate and ADIA passage rate were both faster for supplemented steers than for the negative control, which agrees with previous research in which supplements with relatively high amounts of protein were provided to cattle eating low-quality forage (McCollum and Galyean, 1985; Guthrie and Wagner, 1988; Sunvold et al., 1991) . The tendency for faster liquid and ADIA passage rates for the 67% wheat bran, 33% second clears treatment group (among the supplemented groups) was unexpected. Other work in which carbohydrate composition was changed within a given level of supplemental protein indicated that carbohydrate source had no bearing on liquid dilution rate or particulate passage rate (Carey et al., 1993; Grigsby et al., 1993) . With the use of purified ingredients, Heldt (1998) also observed no significant differences in liquid or ADIA passage between starch-supplemented steers and steers supplemented with non-starch carbohydrates. Supplemented steers in our study had more DM fill than the negative control, which has been reported in some other studies in which protein was supplemented to low-quality forage (DelCurto et al., 1990b; Sunvold et al., 1991) . However, the effect of protein supplementation on ruminal DM fill does not seem to be consistent in that other studies have shown that protein supplementation is associated with reduced ruminal fill (Kö ster et al., 1996; Heldt, 1998) .
Ruminal pH was slightly higher for unsupplemented steers than for supplemented steers. However, ruminal pH was within the range of acceptability (> 6.2) for uninhibited fiber digestion (Mould et al., 1983) for all treatments. Ruminal ammonia concentration more than doubled in supplemented steers compared with the negative control. Clearly, this is a result of the provision of ruminally available protein in the supplements. Relatively low ammonia concentrations have been observed frequently in both supplemented and unsupplemented animals when low-quality tallgrassprairie is the basal forage (Guthrie and Wagner, 1988; Sunvold et al., 1991; Olson et al., 1999) . The presence of significant amounts of supplemental starch has been associated with decreased ruminal ammonia concentrations in some situations (Olson et al., 1999) . The starch content in the supplements in our study may not have been large enough to elicit such a change. Alternatively, the highly digestible fiber may have elicited a microbial demand for N similar to that in the higher-starch treatments.
The elevation in total VFA concentration for supplemented steers indicates enhanced fermentation and explains the slight decrease in ruminal pH in the supplemented treatment groups. The provision of DIP to a basal, low-quality forage diet has been shown repeatedly to stimulate fermentation and increase total VFA concentration (Hennessey et al., 1983; Sunvold et al., 1991; Kö ster et al., 1996) . Also, as long as forage fermentation was not hampered significantly, addition of the supplemental carbohydrate per se would be expected to lead to increased fermentative activity. The increase in the branched-chain VFA in response to supplementation is most likely a direct result of providing DIP in the supplements. True protein supplements provide branched-chain amino acids (i.e., valine, isoleucine, and leucine) that serve as precursors for branched-chain VFA. Branched-chain VFA have been shown to be required by fibrolytic bacteria (Baldwin and Allison, 1983) .
Implications
The lack of difference in performance, forage use, and ruminal ammonia concentrations among the supplemented treatment groups suggests that the degradable intake protein was sufficient for masking any negative effects exerted by increasing levels of starch in the supplements. Similarly, when supplemental true protein levels are high (≥ 30% CP) and ruminally available, and when the amount of supplement fed is limited (< 0.4% BW), the source of supplemental carbohydrate (between starch and fiber) is unlikely to have a large impact on forage use or performance. This suggests that considerable latitude exists in the choice of various grains or by-products to be combined with highprotein feedstuffs when formulating high-protein supplements for use with cattle fed low-quality forage.
